Credit Risk and the Pricing of Japanese
Yen Interest Rate Swaps Abstract:
In this paper, we investigate the pricing of Japanese yen interest rate swaps during the period 1990-96. We obtain measures of the spreads of the swap rates over comparable Japanese Government Bonds JGBs for di erent maturities and analyze the relationship between the swap spreads and credit risk variables.
Our empirical results in the yen swap market indicate that: 1 the commonly-used assumption of lognormal default-free interest rates and swap spreads is strongly rejected by the data, 2 the term structure of swap spreads displays a humped-shape, and 3 the shocks in the yen swap spread are negatively correlated with the shocks in the comparable default-free spot rates, especially for longer maturities.
Our analysis also indicates that yen swap spreads behaved very di erently from the credit spreads on Japanese corporate bonds in the early nineties. In contrast to Japanese corporate bonds, we nd that the yen swap spread is also signi cantly related to proxies for the longterm credit risk factor. Furthermore, the swap spread is negatively related to the level and slope of the term structure and positively related to the curvature, indicating that the credit optionality" is priced in the swap rate. Thus, overall, the yen swap market was sensitive t o credit risk during the period of our study.
1Introduction
The market for interest rate derivatives, in general, and for swaps, in particular, has grown exponentially in the last decade. Recent estimates indicate that the notional outstanding volume of transactions of privately negotiated over-the-counter derivatives at the end of 1997 amounted to over $29 trillion, of which i n terest rate swaps amounted to over $22.3 trillion. Given the importance of the yen in international trade and nance, it is not surprising that yen interest rate swaps form a substantial proportion of this volume about 19.5, second only to those denominated in dollars about 27.3. 1 The phenomenal growth in the volume of transactions in the swap market has led to increased scrutiny of the credit risk being borne by the major banks that are the principal swap dealers. In general, the credit risk of swaps is related to the default risk in xed income markets. However, in the yen xed income market, due to certain regulatory constraints in Japan, the issue of credit risk was somewhat clouded until the early 1990's. Certain banks and utility companies were able to raise debt at low rates relative to government securities.
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In addition to regulatory constraints and the absence of liquidity in the secondary market, there was a widespread perception that the nancial system had virtually eliminated credit risk. This could beascribed partly to the fact that defaults by large companies were extremely rare, and partly to the security blanket o ered by the main banks, and ultimately, the central bank. All this has changed in recent years with the slower economic growth and the failures and public rescues of some of the major nancial institutions in Japan. Prominent examples include Yamaichi Securities, one of the four largest securities rms in Japan, and the Long Term Credit Bank of Japan and the Nippon Credit Bank, two of the three long term lending institutions in Japan. The issue, therefore, is whether the perceived ine ciency of the Japanese yen bond market in pricing credit risk also spilled over into the swap market. If the yen swap market also mispriced credit risk, then questions would be raised about the e ciency of one of the most liquid markets in the world, which has both low transaction costs and is globally integrated with swap markets in other currencies.
In the absence of credit or liquidity risks, standard plain vanilla" interest rate swaps can be priced using the current term structure of interest rates based on Treasury bond quotations. However, credit risk adds an important dimension to the pricing of over-thecounter derivative instruments. The important c haracteristic of over-the-counter derivatives that distinguishes them from exchange-traded products is that they are not backed by the guarantee of a clearing corporation or exchange. Hence, each of the two counterparties to the transaction is exposed to the default risk of the other. This default risk is particularly important for long-dated instruments such as interest rate swaps.
Swaps are typically negotiated as zero-value transactions when they are initiated, with the swap rate being de ned as the xed rate to be exchanged for a oating rate such as LIBOR. However, their value changes over time as interest rates uctuate. In the case of a xed-for-oating interest rate swap, as long-term interest rates rise, the xed rate payer bene ts from being locked into the lower interest rate. Consequently, the value of the xed side moves in-the-money." By the same token, the oating rate payer receives ows that are lower than the changed interest rates would dictate, and hence, the value of the oating side moves out-of-the-money." The opposite occurs when long-term interest rates decline. Default risk arises when the entity for which the swap is out-of-the-money is unable to meet its commitments to the counterparty for which the swap is in-the-money.
In an e cient market, one would expect market swap rates to incorporate the risk of default, if the counterparties rationally anticipate this possibility. Hence, one would expect the swap rates to be sensitive to the credit ratings of the counterparties. For instance, a swap dealer who pays a oating rate and receives xed payments in exchange would require a BBB-rated counterparty t o p a y a higher xed rate compared to a AAA-rated counterparty. Conversely, the dealer would be willing to make l o w er xed payments in exchange for oating rate payments to a BBB-rated counterparty than a AAA-rated counterparty. Hence, the swap spread, de ned as the di erence between the swap rate and the yield on a par Treasury bond with the same maturity, should begreater for the BBB-rated counterparty than the AAA-rated counterparty, and so also should be the di erences between the bid and the o er rates.
As discussed by Litzenberger 1992, this is not always observed explicitly in the market swap rates. Several reasons have been suggested for this phenomenon. First, the swap contract is neither an asset nor a liability for either counterparty, since it is based on the di erence between two streams of cash ows, including the principal amounts, which net out to zero for interest rate swaps. Hence, as also pointed out by Du e and Huang 1996 and Li 1998, the di erences between the swap rates for counterparties with di erent credit ratings should be much less than the di erences between the rates for the corresponding debt of the same maturity. Second, there may be credit enhancement devices collateral, margining, credit triggering clauses, etc. for the lower-quality counterparties that e ectively reduce the di erences in credit quality across borrowers. Lastly, there may be credit rationing which implies that poorly-rated rms are simply rationed out of the swap market. These explanations suggest that market swap spreads over default-free instruments ought to be smaller than the spreads in the debt market for comparable maturities. However, swap spreads should, at least partly, bedetermined by credit risk considerations. Counterparties with poorer credit ratings should be quoted higher spreads, while dealers with better credit ratings should demand smaller spreads. In addition, since the market swap rates re ect the weighted average of the credit ratings of the various counterparties, they should include a positive spread to the default-free rates.
The other factor that may in uence the pricing of swaps is liquidity risk. Several authors have noted that liquidity e ects in uence the yields in the xed income securities market.
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As argued by Grinblatt 1995, this convenience yield spills over into the swap market, since it is lost to an investor wishing to receive xed rate payments, who in lieu of purchasing a Treasury note, enters into a swap to receive xed payments." 4 Thus, positive swap spreads may be at least partly explained by liquidity considerations, if the Treasury market is more liquid than the swap market.
We investigate these issues in the context of the yen swap market in the nineties. The purpose of this paper is to examine the pricing of Japanese yen interest rate swaps during the period 1990-96. Using the Japanese Government Bonds JGBs issued by the Japanese Treasury as the basis for comparison, we obtain measures of the spreads of the swap rates over comparable JGBs, for di erent maturities, during the period of our investigation. We use alternative methods to estimate the JGB spot interest rate curve and de ne the spreads of the swap rates over the comparable default-free rates. However, in addition to the defaultfree term structure, other factors such as credit risk, liquidity and other frictional e ects, as well as the yield spreads in related swap markets in uence the pricing of yen interest rate swaps. We examine these e ects by analyzing the relationship between swap spreads estimated by alternative methods and proxies for these explanatory variables. We present evidence on two aspects of the yen interest rate swap market. First, we present a detailed empirical analysis of the yen interest rate swap market in the nineties. Second, we provide some results on the relationship between the yen and dollar interest rate swap markets. Section 2 of the paper surveys the literature on the swap market, mainly in the U.S. dollar context. Section 3 describes the JGB and yen swap markets, lists the data sources and provides summary statistics. Section 4 presents the alternative methods we use for estimation of the term structure of interest rates based on data from the JGB market and summarizes these results. It also discusses the methods used for estimation of the term structure of interest rates implied by the default-free JGB market as well as the swap market. Alternative h ypotheses on the pricing of swaps and the determinants of the swap spread are presented in Section 5. Estimates of the swap spreads and tests of alternative hypotheses explaining the spreads are also presented in this section. Section 6 concludes the paper and suggests directions for future research.
2Credit Risk and Swap Spread: The Hypotheses
The empirical issue we examine in this paper is whether swap rates re ect credit risk in the Japanese yen interest rate swap market. In the absence of credit risk, as well as market frictions such as illiquidity and tax e ects, a standard interest rate swap can bethought of as the exchange of a xed rate bond for a oating rate bond. Pricing the swap in this simple setting is fairly straightforward. Since the oating rate bond on the reset date is valued at par when there is no risk of default, the mark-to-market value of an existing swap on a reset date is simply the di erence between par and the present v alue of the cash ows on the xed side. On a date between resets, the oating side will include the payment based on the last reset. The market swap rate is then de ned as the rate that sets the mark-to-market value of the swap to zero, which w ould be the same as the yield on a par bond of the same maturity.
If there is some risk of default, the simple decomposition of the swap into the di erence between a xed-and a oating-rate bond breaks down, since the cash ows are subject to the risk of default. In order to price swaps in the presence of default risk, it is necessary to model the default risk explicitly. As pointed out by Du e and Singleton 1997, there are two broad approaches to the problem of valuing corporate contingent claims in the presence of default risk. The rst is the structural" approach, proposed by Merton 1974 in the context of risky zero-coupon debt. In this approach, the limited liability aspect of equity is modeled as an option on the rm's assets. The other approach uses the reducedform" of the underlying structure, and, therefore, does not directly deal with the capital structure, the rules governing default and other characteristics of the counterparties to the swap transaction. Thus, the precise impact of default risk on the swap rates depends on the parameterizations of the stochastic processes governing probability of default. Regardless of modeling assumptions, however, the swap rates should, in general, be di erent from the par yield for the riskfree bond if default risk is present. In other words, the swap spread is, in general, non-zero. We state this as a testable null hypothesis: H 0 1 : In the absence of credit risk and market frictions, swap spreads should always be zero.
There are only a few empirical papers in the academic literature that test the impact of credit risk on the pricing of swaps, and most of them deal with U.S. dollar interest rate swaps.
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In the case of U.S. dollar interest rate swaps, Sun, Sundaresan and Wang 1993 empirically test the null hypothesis that swap rates over par yields of Treasury bonds are all zero. Using swap rates and par yields on corresponding Treasury bonds for the sample period from October 11, 1988 to April 15, 1991 , they nd that swap spreads are signi cantly positive for all maturities irrespective of the shape of the yield curve. Furthermore, they nd that term premiums of swap spreads increase signi cantly with maturity, although the increase is smaller when the yield curve is inverted. The second issue that Sun, Sundaresan and Wang investigate is the proposition that while the default risk of a counterparty increases both the coupon rate on a par bond yield based on LIBOR rates as well as the swap rate, the e ect is more pronounced on the bond yields than on the swap rates.
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In order to test this hypothesis, they take the di erence between LIBID par bond yields and swap o er rates, and test whether the di erences are zero. Their overall empirical results con rm that dollar interest swap rates re ect credit risk, although the low correlations of changes in swap rates and LIBOR par bond yields may indicate that their empirical results are due to the use of non-synchronous data -LIBOR data are collected from London and swap quotes are obtained from the U.S. markets, at di erent times of the day. 7 Mozumdar 1996 also tested whether quoted swap rates re ect the counterparty credit risk. He uses a non-linear speci cation for swap pricing and estimates a parameter that proxies for the fraction of the promised cash ows that are not received in the event of default. Since the distribution of errors from this estimation is di cult to specify, he uses the Generalized Method of Moments GMM to estimate the default risk parameter, using two alternative sets of data from dollar and DM swaps during the period 1990 to 1996. His broad conclusion is that the default risk parameter is positive and statistically signi cant, in the case of dollar swaps. However, the e ect is weaker for the longer maturities, which h e attributes to the use of credit enhancement devices. More speci cally, the estimation of the default risk parameter shows that the impact of default risk on swap rates is less than for the corresponding bond yields. In contrast, for DM swaps, Mozumdar nds that the results are statistically insigni cant.
Rather than measuring the swap yield spreads over Treasury yields, Du e and Singleton 1997 calculate the swap spreads over Treasuries using zero-coupon yields spot spreads". In order to estimate the swap zero-coupon yields, they use a speci c two-factor square-root model along the lines proposed by Cox, Ingersoll and Ross 1985 , where the factors are extracted from the two-year and the ten-year swap rates, which are assumed to be observed without error. Hence, in their empirical speci cation, the model exactly ts two points on the observed swap yield curve, and is estimated using the joint likelihood of swap yields at several maturities. They nd that swap spreads are positive at all maturities, and the term structure of swap spreads is on average upward sloping, from 22 basis points for the six-month spread up to about 42 basis points for the ve-year spread, while the spreads are nearly constant beyond ve years to ten years at about 41-42 basis points.
There are both advantages and disadvantages of using the implied spot rates as opposed 6 This is consistent with the theoretical models proposed by Du e and Huang 1996, Jarrow and Turnbull 1997 , Li 1998 and Huge and Lando 2000 Sun, Sundaresan and Wang 1993 also look at the same issue at a micro-level by using the quoted bids and o ers from two s w ap dealers AIG Financial Products and Merrill Lynch with di erent credit ratings for their long-term debt AAA and A respectively . They test and con rm the hypothesis that given that default risk is priced, the bid-o er spread for the higher-rated dealer should be larger than for the lower-rated one, in the U.S. dollar swap market. Although their ndings could be viewed as con rmation that credit risk is priced in swap quotes, they may also be explained by more aggressive pricing by the lower-rated dealer. More detailed investigation is called for to distinguish between these two competing explanations.
to the par bond yields. First, since the implied spot rates for swaps and Treasury bonds are speci c to the maturity under consideration, whereas the yields to maturity are complex weighted averages of the spot rates for di erent maturities, the spreads based on spot rates can beclearly identi ed with a particular maturity. Second, the implied spot rates directly translate into the forward interest rates that are used to value other derivative securities related to swaps, such as bond options, caps, oors and swaptions. However, the implied spot rates are obtained by bootstrapping" bond yields of di erent maturities. Hence, if maturity-speci c e ects are important, these cannot beclearly identi ed, since the estimation procedure distributes the e ects across di erent maturities. For example, if there are maturity-speci c e ects such as the liquidity of JGBs in the 7-10 years sector, the estimated spot rates for all maturities are contaminated, and hence misleading, because the liquidity factor in that segment will spill-over" into spot rates in other maturities. This happens because the bond prices used in the estimation are essentially based on a portfolio of zerocoupon rates, and it is di cult to isolate the spot rates from them without the liquidity e ects. To mitigate such problems, it is better to analyze interest rate swaps using both measures.
If credit risk is re ected in market swap rates, one way to measure empirically the importance of credit risk is to examine the relationship between proxies of default risk and the market swap spreads. As discussed in the introduction, the theoretical models of Du e and Huang 1996, Jarrow and Turnbull 1997 , Li 1998 and Huge and Lando 2000 suggest that swap rates should change with respect to changes in the default risk premium of corporate bonds; however, the magnitude of the change in swap rates should be much smaller due to the di erences in contractual features of swaps and corporate bonds. For instance, Jarrow and Turnbull 1997 calibrate their model in an upward-sloping default spread environment and nd that a 100 basis-point yield di erence between counterparties results in less than 2 basis points di erence for a ve-year swap, which is consistent with the results of Du e and Huang 1996 and Huge and Lando 2000. Thus, the testable implication of default risk on the swap spreads can be stated in the following null hypothesis: H 0 2 : In the absence of credit risk in the market, swap spreads should be unrelated to the default risk premium on corporate bonds.
In a recent study, Minton 1997 examines the pricing of U.S. dollar interest rate swaps based on two alternative models. The rst is related to the prices of Eurodollar futures contracts, and the second to corporate bond prices. She nds that market swap rates are highly correlated with rates implied by Eurodollar futures prices, although the two series do not move one-for-one. 8 She also nds that swap rates are signi cantly related to par corporate bond yields. Her empirical results, based on dollar interest rate swaps, indicate that a 100 basis point increase in corporate bond spread over the ten-year treasury yield implies about a 15 basis point increase in ten-year swap spread.
Instead of using corporate bond yields as a measure of the expected credit risk, Brown, Harlow and Smith 1994 test whether swap rates re ect the probability of counterparty default by using the Treasury-Eurodollar TED spread in the context of a pure expectations model. They rst regress the swap spread on the Treasury yield and the Treasury-Eurodollar TED spread and nd that the explanatory power of this variable, while signi cant, is low.
Du e and Singleton 1997 also nd that a higher spread between rates on AA and AAA rated commercial paper, the proxy for default risk, increases the spread for zero coupon swap rates. Furthermore, they use a multivariate vector autoregression VAR to check the relative importance of liquidity and credit factors on the swap spreads, and nd that credit shocks play an important role over a long horizon in explaining the variations of swap spreads, while the impact of liquidity factors is more short-lived. They conclude, however, that a substantial proportion of the variation in the swap spreads is explained by their own shocks, indicating that swap rates may be in uenced by swap market-speci c activity.
We can also measure the importance of credit risk by examining the swap spread and the slope of the term structure of interest rates. As pointed out by Sorensen and Bollier 1994 and Mozumdar 1996 , there is a positive probability of each counterparty h a ving a negative value position in the future, given the uncertainty in the term structure of interest rates. This suggests the possibility o f default on the payments by the counterparty for whom the swap is out-of-the-money i.e., has negative v alue to the counterparty for whom the swap is in-the-money i.e., has positive v alue.
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This can be illustrated in the context of an upward sloping term structure as discussed by Mozumdar 1996 . If counterparty A is a xed rate payer and counterparty B is a oating rate payer, in the early part of the life of the swap, B is receiving on average more than it pays. Hence, B is likely to bein-the-money during the early period, and therefore, exposed to default risk. In this setting, counterparty A can be thought of, as argued by Sorensen and Bollier 1994 , as owning a series of European-style options, exercisable when it defaults on its payments. Therefore, in an upward downwardsloping term structure environment, the xed oating rate payer bears more default risk, on average, and hence demands a risk premium through a lower xed rate. We state this as follows: H 0 3 : In the absence o f c ounterparty credit risk, swap spreads should be unrelated t o t h e slope of the term structure of interest rates.
Koticha 1993 empirically tests a negative relationship between the slope of the term structure and the spread between the swap rate and the yield on a Treasury bond of comparable maturity, using data from ve currencies, $, yen, $, DM and FF. The study uses rst-di erenced daily swap quotes over the period January 1990 to July 1992, for matu-rities between 2 years and 10 years. By regressing the swap spreads on the slope of the term structure and a credit risk proxy, Koticha nds that the coe cient of the slope term is negative and signi cant. Minton 1997 nds that swap rates are related to proxies for the shape of the yield curve and that swap rates are positively related to short-term interest rate volatility, thus suggesting that the option to default is priced in the swap market. Contrary to the results of Koticha 1993, however, she nds that changes in ten-year swap rates are positively related to changes in the slope of the term structure measured by the di erence between 30-year Treasury bond yield and 3-month Treasury Bill yield, i.e., swap rates increase as the yield curve steepens.
In this paper, we test all three hypotheses in the context of the yen interest rate swap market. We also study the linkages between the yen and dollar interest rate swap markets.
Data sources
The swap rates used in this study are the daily bid o er quotations at the market close around 5 P.M.,Tokyo time. They are obtained from Nihon Keizai Shimbun's NEEDS database for maturities of two-, three-, four-, ve-, seven-, and ten-years. To assess the quality o f t h e swap quotations from NEEDS, we also obtained the swap rates from another source, Data Resources Inc. DRI for the same period. These data were available for the period October 1, 1987 to May 17, 1996. However, since data for other variables were available only for a shorter period, only data from April 27, 1990 to May 17, 1996 are used throughout the study.
In order to estimate the yields on non-defaultable bonds, we collected daily closing prices of Japanese Government Bonds JGBs of di erent maturities from the NEEDS database. 10 We chose to analyze ten-year JGBs due to limited availability o f JGB data. Only ten and twenty-year maturity at issue JGBs are listed on the Tokyo Stock Exchange and, of these, ten-year JGBs have a regular auction cycle as in the case of the U.S. Treasury bond market. However, we use only the price data from ten-year JGBs since we analyze swaps of maturities of ten years or less in this study.
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The prices are based on small-lot transactions from the Tokyo Stock Exchange at 3:00 P.M.
12
Small-lot transactions have to be concentrated on the organized exchange and prices are set once a day at 3:00 P.M., based on call auctions with prices being quoted in one sen 0.01 yen increments. In the absence of small orders, major brokers are responsible for providing quotations based on the transaction prices in the over-the-counter OTC market.
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As in the case of the U.S. Treasury bond market, the drawback of using data from the exchange is that the relative trading volume on the exchange is rather small. 14 Thus, because of sparse trading on the exchange, the prices we obtain may not always be representative and may hence be a noisy representation of the true price. However, the exchange quotations are unlikely to bebiased since trades on the exchange are conducted mainly to set an authorized price," since prices on the Tokyo Stock Exchange are the only prices accepted for the settlement of futures contracts and for nancial and tax accounting. Hence, any systematic bias in the prices on the exchange compared to the OTC market is likely to be eliminated by arbitrage.
In order to estimate the spot rates implied in the interbank market and swap market, we obtained daily bid o er yen TIBOR Tokyo Inter-bank O er Rates data from the NEEDS database. The TIBOR yen rates are available for one-, two-, three-, six-, nine-, and twelvemonth maturities. Again, to assess the quality of the data, we also obtain LIBOR yen data from another source, the DRI database. We also obtained data on the 12 year corporate bonds issued by the Tokyo Electric Company which are used as a proxy for the long term defaultable bonds.
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The 3 month repo rate Gensaki is used as a proxy for the short term Treasury yield, since Treasury bills were not issued during the earlier part of our sample period. Figure 1 plots the three-month yen TIBOR rate, the two-and ten-year swap rates for the period April 27, 1990 to May 17, 1996. These swap rates can be interpreted very roughly as yields to maturity o n bonds of the same maturity, priced at par. As the graph shows, swap rates in general have declined during the sample period. Though the swap yield curve was upward sloping during most of the sample period, the swap curve was inverted in 1990 and 1991. Table 1 provides the sample statistics of yen interest rate swap rates for the sample period. Panel A of the table presents the statistics in terms of the levels of the rates, and panel B in terms of rst di erences. The swap rates are based on the mid-points of the daily bid and o er rates during this period. The term structure of swap rates for the sample period is, on average, upward-sloping, as indicated by the means. Also, the swap rates are persistent and behave approximately like a random walk process, as is the case for yields in other markets. Although the auto-correlation coe cients of the swap rates are close to one, the rates may not exactly bearandom walk process, since the standard deviations decline as the swap maturity increases.
Summary statistics of the data
13 Large-lot transactions over 10 million yen are not required to be traded on organized exchanges. However, when they are traded, orders are matched by a call auction at the market open and close, and continuous auctions are held for the rest of the session.
14 The proportion of the total volume traded on the exchange was 3.9 percent in 1990, 2.6 percent in 1992, 1.2 percent in 1993 and 1.1 percent in 1994. Source: Securities Markets in Japan, 1996. 15 Reliable data on corporate bonds in Japan are di cult to obtain because of relatively small and thinly traded market. The Tokyo Electric Company's bonds are probably the best available proxy.
Panel B shows that the autocorrelations of the daily changes in the swap rates, however, are generally larger than 0.1 for the short maturities, showing modest mean-reversion. However, the degree of mean-reversion declines substantially for longer maturities. This is consistent with the evidence for Treasury yields in many currencies. The panel also suggests that changes in the swap rates follow a non-normal distribution, and hence, the swap rates, like yields, in general, may not be well-approximated by a lognormal process. Also, relative to the normal distribution, changes in the swap rates show excess positive s k ewness and kurtosis. The term structure of skewness increases as the maturity increases, but the kurtosis decreases as the maturity increases. One possible explanation for these characteristics may bediscontinuous changes or jumps in the data, another common feature of interest rates. Table 2 presents summary statistics of the bid-o er spreads of the yen interest rate swap quotations during the period under study from two alternative sources, along with similar data from the dollar interest rate swap market. Panel A of the table provides the means and standard deviations of the spreads for di erent maturities from April 27, 1990 to May 17, 1996, based on data from the NEEDS database of Nihon Keizai Shimbun. Panel B shows the same statistics for the earlier period, October 1, 1987 to April 16, 1989, using data from the same source. In order to assess the reliability of our data, we compare the summary statistics for the NEEDS data with those based on data from another source, Data Resources Inc.DRI. Panel C provides the same information as panel A, but based on DRI data. The di erence between the two sets of data is due to the fact that the NEEDS data are recorded at the closing time of the Tokyo market, while the DRI data are at the closing time of the New York market on the same day. Panel D provides the same summary statistics for the U.S. dollar interest rate swap market, based on DRI data.
A comparison of panels A and B shows that the bid-o er spreads for swaps of all maturities have been declining over time. During the early 90's, the average bid-o er spread was about 3 basis points, which is roughly 2 basis points smaller than that in the earlier period. A similar comparison of panels A and C indicates that the spreads in the Tokyo market are roughly the same as those in the New York market. This is somewhat surprising because most of the information incorporated into the yen swap quotes is released during Tokyo business hours. Also, since the size of the yen swap market is much larger in Tokyo than in New York, we expected tighter spreads in the Tokyo market, due to the greater liquidity. Overall, although the two data sets are broadly similar in terms of the mid-rate, the NEEDS data are probably more reliable for our purpose, since they are also synchronous with the default-free JGB market, which is used as a reference for pricing purposes in the analysis that follows.
As can beseen from a comparison of panels A and D, the bid-o er spreads in the yen interest rate swap market are generally higher than those in the dollar interest rate swap market, perhaps indicating lower liquidity and trading volume in the yen market, as well as the lower credit quality of Japanese counterparties in the nineties. Another feature of the dollar data is that the spreads are fairly constant across maturities, indicating good liquidity across maturities. In contrast, in the yen market, the spreads increase roughly with maturity, indicating better liquidity at the short end. The average spread of yen interest rate swaps in the nineties is about the same as the spread for the A-rated dealer in dollar interest rate swaps in the study by Sun, Sundaresan and Wang 1993, based on data from the late eighties.
4 Estimation of the term structure of interest rates in Japan
In the absence of factors such as default risk, tax and liquidity, s w ap rates should be equal to the yields on par default-free JGBs with the same maturity. These frictions cause the actual swap rates to bequoted at a spread to the JGB yields for the same tenor, based on bonds priced at par. In this section, we discuss the methods we use for estimating the yields implied by the default-free JGBs. These yields are then compared to those implied by market swap rates in the next section. There are two common measures of the term structure of yields in the market. The rst is based on the yield to maturity of coupon bonds priced at par and the second is based on the implied yields of zero-coupon bonds or the spot rates for di erent tenors. Since a coupon bond is a combination of several cash ows, its yield to maturity can be thought of as a weighted average of the spot rates. These two measures translate into two alternative w a ys of de ning the spread between the JGBs and the swap rates: the yield basis and the spot rate basis. The rst measure of the spread the yield spread" is the di erence between the market swap rate and the yield on a par JGB of the same maturity.
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The second measure, also used by Du e and Singleton 1997, is the spread between the implied spot rates from the swap quotes and the JGB prices the spot rate spread" and is computed for di erent maturities. We analyze the data using both measures.
In order to estimate the par JGB yields from market data, the rst step is to compute the spot rates or, equivalently, the discount functions they imply for various maturities. Then, these rates can be used to compute the coupon on a synthetic bond for each maturity that would trade at par. The yield on such a bond is de ned as the par bond yield. Thus, the estimated spot rates are used directly, to compute the spot spread, and indirectly, to compute the yield spread. In this section, we discuss the methods we use to estimate the spot rates, and indirectly, the par bond yields of the JGBs.
In a world without taxes, liquidity e ects and other frictions, the price of a bond is the present value of the promised cash ows: . Hence, the term structure of interest rates at time t can be described by the present value function, or equivalently, the vector of spot interest rates or forward interest rates.
For the estimation of the term structure of interest rates in the JGB market, we use the cubic B-spline method, a modi cation of the method proposed by McCulloch 1975. The motivation for this modi cation of the cubic-spline method is the nding by Shea 1984 that some spline bases, such as those chosen by McCulloch 1975, can result in inaccuracies due to a nearly perfectly collinear regressor matrix. Overall, the cubic B-spline method yields reasonable estimates of the term structure of the JGBs. The mean of the absolute tted price error in the JGB market is 11 basis points which is somewhat higher than the errors found in comparable studies in the U.S. Treasury bond market. It is interesting to note that in spite of the greater importance of liquidity and coupon e ects in the JGB market, the absolute tted price error in the JGB market is not all that di erent from the U.S. Treasury bond market.
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As modeled by Du e and Huang 1996 and Du e and Singleton 1997, the price of a risky zero-coupon bond can bemodeled in an arbitrage-free framework based on the shortterm risk-adjusted interest rate process for defaultable assets such as swaps.
18
The reduced form of such a model translates into the swap rate, c S t; M j , which is the coupon rate on the xed side of the swap. Since the swap rate is the yield on a par coupon bond of the same maturity, it can be expressed in terms of the zero-coupon discount factors, for semi-annual payments, as follows: c S t; M j = 2 1 , S t; t + M j In our estimation of the implied spot rates, we use six rates with a maturity of less than or equal to one year one-, two-, three-, six-and twelve month TIBOR rates and the mid-points of six swap rates two-,three-,four-, ve, seven-, and ten year maturities. Since only twelve rates are available for each date, it is necessary to use a parsimonious estimation method. We adopt the extended Nelson and Siegel 1987 method for the estimation of the spot rates implied by the yen swap market, for which, following Svensson 1994, we assume that i S t; t + m = This speci cation implies that there exists a smooth instantaneous forward rate curve with a at asymptote. It is also model-free and can generate yield curves with a desirable range of shapes, including upward-sloping, inverted and hump-shaped. For each date t, we estimate f 0 ; 1 ; 2 ; 3 ; 1 ; 2 g to minimize the mean-squared error between the observed swap rates and the tted swap rates, c S t; M j for all maturities up to ten years, implied by the above equation. Table 3 reports the summary statistics of the tting errors for yen swaps. The tted values are obtained by estimating the extended Nelson and Siegel method, using the midpoints of six swap rates and six TIBOR rates. The tting errors are the absolute di erences between actual swap rates and the tted values. The table shows that the mean tting error is of the order of 2 basis points with a standard deviation of 2 basis points, indicating that the extended Nelson and Siegel produces a reasonably good tof yen swap rates.
Credit risk in the yen swap market: empirical results
In this section we report the main results of our analysis. We rst analyze the distributional characteristics of the implied spot rates in the yen swap market. We then examine the speci cation of the processes for the spot interest rate and the swap spread using a generalized method of moments GMM analysis. We estimate the term structure of swap spreads and analyze the spot rates from the swap market in relation to those in the comparable JGB market. Next, we study the interest rate and credit risk factors that explain the swap spreads. Finally, w e present some results on the relation between the yen swap spreads and the comparable spreads in the dollar swap market.
5.1 Implied spot rates in the JGB and yen interest rate swap market
In this subsection, we examine the distributional features of the spot rates implied in the default-free bond markets and the swap market. Table 4 provides the summary statistics of the implied spot rates estimated from the JGBs and swap markets respectively. Panel A in the table provides the statistics in terms of the levels of the rates and panel B in terms of rst di erences of the spot rates estimated from JGB yields. Panels C and D also provide the corresponding statistics for the spot rates estimated from the swap rates.
There are several noticeable di erences between the distributional features of the implied spot rates in the two markets. The spot rate implied by the swap rates, i S t; t+m, is de ned as the sum of the spot rate implied by the yields of the non-defaultable bonds, i T t; t + m, and the component, t; t + m, due to credit risk and or liquidity factors, i.e., i S t; t + m = i T t; t + m + t; t + m Surprisingly, the volatilities of the longer term spot rates implied by the swap rates are less than those implied by the JGB yields of the same maturity. This implies that the covariance between the default-free rates and the swap spread is negative.
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In fact, back-of-the-envelope calculations show that the correlation between the default-free rates and the swap spread gets more negative with maturity. This pattern also applies to the rst-di erenced series of the spot rates. Detailed models of swap pricing incorporating credit liquidity e ects would have to take this correlation into account.
Another feature of the data pertaining to the spot rates from the two markets is that both rates show a mean-reverting behavior and the term structure of autocorrelations of the rst-di erenced series is declining for longer maturities. However, the autocorrelation coe cients of the implied spot rates from JGBs are noticeably higher than those from swaps.
To better understand the behavior of the spot rates and the swap spreads, we perform a GMM test based on the assumption that both the changes in the spot rates of the JGBs as well as the changes in the spreads follow AR1 processes. We test the lognormality of the default-free spot rates and the spread, as well as correlations between the two rates. Speci cally, w e model the spot interest rate of JGBs as i T t; t + m = m + m i T t , 1; t , 1 + m + m " t and the changes in the swap spread as t; t + m = m + m t , 1; t , 1 + m + m t where " t and t are i; i; d standard normal variables and E " t t = m. We estimate the seven parameters of interest the three coe cients in each equation plus the correlation between the two errors by matching two sets of unconditional moments of the data, the mean, standard deviation, skewness, kurtosis and autocorrelation, as well as the correlation between i T t; t + m and t; t + m a total of eleven moment conditions. Namely, we use 11 moment conditions for the parameter model so that we can test the normality assumption. The variance-covariance matrix is estimated by the Newey-West method with 15 lags. 4 is a J-statistic that tests the normality speci cation. Notably, the assumption of normality for both processes is rejected at the ve percent signi cance level for three maturities and at the ten percent signi cance level for the other three maturities. Given that the GMM speci cation test using unconditional moments has low power to begin with, the rejection of normality of the rst-di erences lognormality should be taken seriously. The results suggest that swap pricing models and related models for derivatives such as swaptions built on the assumption of lognormality o f s w ap rates may be mis-speci ed.
Apart from the rejection of lognormal swap rates, Table 5 provides other parameter estimates of interest, although the results indicate that a simple-minded two-factor lognormal model may not work for pricing. Note that the estimates of the correlation coe cient b e t w een the changes in the default-free spot rates and the spread, ; are negative for all maturities and statistically signi cant for four-, ve-, seven-, and ten-year spot rates. The estimates for seven-and ten-year spot rates are highly negative at -0.43445 and -0.47727, respectively. If the swap spreads re ect the default risk in the economy, these strong negative correlations for longer maturities indicate that the default risk spread is counter-cyclical.
The parameter estimates in Table 5 also indicate that the mean-reversion of the swap rates is mostly driven by the mean-reversion of non-defaultable interest rates. The meanreversion parameters of non-defaultable spot rates, , are signi cant for up to ve year maturities. The mean-reversion parameters of the swap spot spreads, , are negative for all maturities and the statistical signi cance increases with maturity. However, the negative autocorrelation of the changes in the spreads may be induced by o v er-di erencing the series.
Tests of the yen interest rate swap spreads
We next analyze the spreads of yen interest rate swaps over the corresponding default-free rates measured in the two ways de ned earlier: the yield basis and the spot basis. Figure 2 presents the two-and ten-year yen swap spreads on the yield basis i.e., the di erence between the yen swap rates and the par bond yields of JGBs with the corresponding maturity. Par bond yields are based on the spot rates estimated from o -the-run JGBs, as discussed in the section 4. The swap yields are the mid-points of bid-o er swap rates. As the graph shows, the two swap spreads moved together during most of the sample period. These two swap spreads, however, behaved somewhat di erently for the period that the swap curve w as inverted. Notice that the estimated swap spreads were positive in most of the sample period, but we do nd negative spreads in a few cases. Of 317 observations, 3.8 and 1.6 of the estimated swap spreads are negative for the two-and ten-year maturities, respectively.
Panel A of Table 6 also provides the mean, standard deviation and the autocorrelation coe cient for the yen swap spreads on the yield basis for various maturities based on the term structures estimated in section 4. Panel B provides the same statistics for the yen swap spreads in terms of spot rates the di erence between the implied spot rates from swaps and the implied spot rates from the JGBs. Panel C reports the means, standard deviations and autocorrelation coe cients for the spreads in the U.S. dollar interest rate swap market, based on data obtained from the DRI database. Figure 3 presents the spreads of the yen interest rate swaps and the U.S. dollar interest rate swaps. As Figure 3 shows, the average spreads of yen interest rate swaps, in terms of yields, as a function of maturity, show a humped shape. This humped pattern of spreads is also present for spreads on a spot rate basis. The humped shape of yen interest rate swap spreads is strikingly di erent from the pattern in the dollar interest rate swap market. As in the case of the yen swap yield spreads, the average swap spread for U.S. dollar swaps is de ned as the di erence between the swap rates and the par bond yields, based on the constant maturity Treasury yields. As shown in Panel C, for the same period, the spreads of dollar interest rate swaps increase monotonically with the maturity of the swap.
The humped shape of yen interest rate swap spread is also very much di erent from the empirical pattern of the corporate bond spreads in the US as documented by Sarig and Warga 1989 and Fons 1994 . They nd that the average credit yield spread for investment-grade rms is upward-sloping with maturity, while the credit yield spread is humped or inverted for speculative-grade rms. A recent paper by Helwege and Turner 1999, however, nds that the credit yield spread is, on average, upward-sloping even for BB-or B-rated rms when the sample selection bias problem is corrected.
There are several reasons why the pattern of spreads of yen interest rate swaps di ers from that of dollar interest rate swaps. First, the long-end of the JGB yields may be downward biased due to the liquidity premium, since a signi cant proportion of trading in JGBs is concentrated in the benchmark issue. Even the old benchmark" long-term bonds may be relatively more liquid than the middle range of the term structure. However, the measurement bias in the long-term spot rates due to better liquidity of the old benchmark" bonds works against the inverted U-shape. If the old benchmark" bonds are more liquid, then yields of the long-term segment should be lower than what they would be without the liquidity e ect. If the long-term spot rates are under-estimated due to the liquidity e ect, then swap spreads swap spot -JGB spot are upwardly biased. Thus, the true spread curve would be even more inverted. Second, the segmentation between the short-end and long-end may beanother explanation for the inverted U-shape. For example, if the credit risk premium for long-term corporate bonds in Japan is comparatively lower than for short-term borrowing, the short-term borrower can use swaps to nance at the long-term xed rate and swap it into a short-term oating basis. Thus, since the long-term corporate bonds cannot be shorted very easily, the swap rates are reduced due to the demand for receive-xed, pay-oating swaps. Third, as shown in the previous section, the swap spread is negatively correlated with the default-free interest rates. This is consistent with Longsta and Schwartz 1995 who present a model for coupon bonds in which rm value is correlated with the riskfree rate. In their model, the credit yield curve m a y b e u p w ard sloping or hump-shaped and the peak spread for the hump-shaped curve occurs at the third year.
To provide further evidence on the relation between the default-free bonds and swaps, we regress the implied par bond yields from JGBs on the swap rates of the corresponding maturities:
S W t; t + m = m + m P A R t; t + m + : Panel A of Table 7 presents the results of the regression. If swap rates move one-to-one with par yields of the JGBs, m should beone and m should also bezero. The point estimates of m for yen interest rate swaps are close to one indicating that swap rates move closely with JGB par yields. However, this implication may be misleading since the regressor and the regressand are highly autocorrelated and hence, the point estimates of m a s w ell as the R 2 may b e upward-biased.
Hence, we also presents the regression results of the rst-di erences of the implied par bond yields on the rst-di erences of the swap rates of the corresponding maturities: S W t; t + m = m + m P A R t; t + m + : We test the null hypothesis that m = 1 and m = 0 and the null hypothesis that m = 1. In estimating the regression and testing the two hypotheses, there are two econometric issues that should be dealt with caution. First, although we use rst di erences, the errors of the regression may be still autocorrelated and heteroscedastic. To address this problem, we use the heteroscedasticity and autocorrelation-consistent HAC estimate of the covariance matrix with six lags. The other issue is that the regression is subject to the estimated regressor" problem, which arises from the fact that the true par yields of the JGBs are measured with error, and hence, the least squares estimator results in an inconsistent and biased estimate. To gauge the potential bias due to the measurement error, we also report the results using instrumental variable estimation with the instruments being the lagged regressor and lagged spreads between the TIBOR and Gensaki rates. Standard errors and test statistics are also based on the HAC covariance estimate with six lags. Table 7 presents the least square estimation results of the null hypothesis that m = 1 and m = 0 . The null hypothesis can berejected at the 5 percent signi cance level for all maturities except two-years. The null hypothesis that m = 1 can be rejected at the 5 percent signi cance level for all maturities. Even though the hypothesis that m = 1 is rejected, the point estimates of m for two t o v e-year swaps are larger than 0.9. Also, more than 70 of variations of the changes in swap rates can beexplained by the changes in the JGB par bond yields. Table 7 presents the results of the instrumental variable regression for the two null hypothesis that m = 1 and m = 0. Unlike the case of the ordinary least squares estimation, both hypotheses cannot be rejected for all maturities except the two-year swap. The patterns of the point estimates of m are also di erent from the least squares estimation. The point estimates of m for four-to ten-year swaps are very close to one. These results indicate that the previous results are subject to bias due to measurement errors. We can conclude that the changes in the swap rates have almost a one-to-one relationship with changes in the par bond yields. 20 
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Interest Rate Factors and Credit Spreads
In this subsection, we analyze the relation between interest rate factors and the swap spreads. As mentioned in the previous section, swap spreads are usually negatively related to the corresponding default-free interest rates, and the negative relation is stronger for swaps of longer maturities. To better understand the impact of interest rate factors on the swap spreads, we decompose the movements of interest rates into factors that explain the defaultfree term structure.
As shown in studies of the U.S. Treasury bond market such as Andersen and Lund 1996 , Balduzzi and Eom 1998 and Litterman and Scheinkman 1991 , the level, slope and curvature of the yield curve explain most of the time series variations of yield movements. Singleton 1994 also nds that these three factors are important for the JGB market. In addition to these three factors that explain the movements in the default-free term structure, other factors have an important role in swap pricing. For example, as discussed in section 3 and shown by Du e and Huang 1996 and Mozumdar 1996, when the credit quality o f the counterparties of a swap is asymmetric, the swap rate is negatively related to the slope of the yield curve. This is because of the possibility of default by the counterparty for whom the swap is out-of-the-money i.e., has negative value to the counterparty for whom the swap is in-the-money i.e., has positive value. Additionally, as pointed out by Friedman and Kuttner 1993 and Estrella and Mishkin 1998 , the slope of the term structure is procyclical, but the default spread shows counter-cyclical behavior over the U.S. business cycle. Thus, swap spreads may be negatively related to the slope of interest rates due to expected future economic growth.
The level and the curvature of the term structure of default-free rates are also important when the credit quality of the counterparties is asymmetric. As argued by Sorensen and Bollier 1994 , swap counterparties own a series of European-style options, exercisable when they default on their payments. They argue that the swap rate should be negatively related to the level of interest rates and positively to the curvature factor which is a proxy for volatility.
Apart from interest rate factors, we use the spread between three-month TIBOR and three-month Gensaki rates as a measure of the short-term default risk of corporate issuers. To measure the default spread for long-term bonds, we use the yields on corporate bonds issued by the Tokyo Electric Company. Due to limited availability o f data for these yields, we perform the following regression for the sample period January 6, 1992 to May 17, 1996, consisting of a 227 week sample.; S WS P t m = 0 + 1 r 3 ;t + 2 Slope t m + 3 C u r v e t + 4 T E D t + 5 CY ield t + " t where S WS P t m denotes the change in the swap spread of maturity m,year, r 3;t the change in the three-month Gensaki rate, Slope t m the di erence between the m,year JGB spot rate and the 1 year JGB spot rate, C u r v e t the change in the curvature factor measured by ten-year JGB spot rate + three month Gensaki rate 2 -the one-year spot rate, T E D t the di erence between the three-month TIBOR rate and the three month Gensaki rate, and CY ield t the change in the yield of 12 year Tokyo Electric Company corporate bond.
Panel A of Table 8 presents the regression results for the changes in the yen interest rate swap spreads of di erent maturities measured on a yield basis. Among the explanatory variables, the change in the slope of the JGB term structure has a signi cant negative impact on the change in the swap spreads. In other words, when the yield curve slope steepens, the swap spread decreases. The point estimates for the slope factor also shows that the ten year swap spreads increase more than medium maturity s w aps as the slope of the JGB curve decreases. The curvature factor also has a signi cant relationship with the swap spreads. If the concavity increases, swap spreads in general increase, but more so for the mediumterm swaps. Overall, the empirical results for interest rate factors in the JGB market are consistent with Dai and Singleton 1997. They also nd that the level, slope and curvature are signi cant explanatory factors for dollar swap rates.
Two measures of default risk are also signi cantly and positively related to changes in the swap spreads. For example, a 100 basis point increase in corporate bond yield is accompanied by a 34 basis point increase in ten-year swap spread.
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When the changes in the spread of the corporate bond yield over par yield of JGBs is used in the regression, an increase of 100 basis points in yield spread of corporate bond over JGBs results in 24 basis points increase in ten-year swap spread. In the case of dollar interest rate swaps, Minton 1997 nds that a 100 basis point increase in corporate bond spread over ten-year treasury yield results in about a 15 basis point increase in ten-year swap spread. The empirical results herein are rather inconsistent with the view that the long-term yen swap rates may be ine ciently priced because of the pricing insensitivity of the Japanese yen corporate bonds with respect to default risk. However, the results are consistent with theoretical models of Du e and Huang 1996 and Li 1998, who suggest that swap rates should not change one for one with respect to the change in default premium of corporate bonds due to the di erence in contractual features of swaps and corporate bonds. However, the yen swap spreads are more sensitive to the default premium of corporate bonds than the calibration results of existing models suggest, indicating that credit enhancement devices in the yen swap market may not adequately reduce the counterparty risk.
The international linkage of yen swap spreads
We analyze next the relationship between swap spreads denominated in yen compared with those in the other major currency, the U.S. dollar. Table 9 presents the correlation coe cients between the changes in the yen interest rate swap spreads, the changes in the dollar interest rate swap spreads, estimated above, and the changes in the interest rate di erentials between U.S. and Japan. The interest rate di erentials are based on the constant maturity yields of government bonds of the same maturities with swaps. Again, to avoid spurious correlation, we analyze the correlations for changes in these variables and not their levels.
Given the increasing globalization of trade and nance, we would expect that international capital markets are fully integrated. Thus, if swap spreads mainly re ect the counterparty risk and or default risk of large corporate issuers with global operations, the credit risk should be, at least to some extent, a global factor. Hence, swap spreads in yen and dollars should behighly correlated. However, the actual correlations between swap spreads in yen versus dollar interest rates swaps are surprisingly low. For example, the correlation for two-year swaps is negligible at -0.00476. Even for seven-year swaps, the correlation is only 0.12394, somewhat larger than for other maturities.
The changes in the spreads for yen interest rate swaps are more correlated with the changes in the interest rate di erentials. For example, the correlation between the ten-year yen interest rate swap spread and the interest rate di erential, which is de ned as the tenyear U.S. government par bond yield minus ten-year JGB par bond yield, is 0.45. For other maturities, the correlation ranges from 0.26 to 0.38. The change in the spread of dollar interest rate swaps is also correlated with the change in the interest rate di erential, but the magnitude is less than one-third of that for yen interest rate swaps. A possible explanation for the high correlation between the yen interest rate swap spread and the interest rate di erential is that arbitrageurs go long yen interest rate swaps and go short dollar interest rate swaps to construct a spread position between the Treasury bonds usually in the respective futures contracts in the two countries. Such a spread is constructed to take advantage of the di erential between the low long-term yields of JGBs and the high long term yields of U.S. Treasury bonds. Hence, the yen swap rate is higher due to the demand for pay-xed yen swaps.
To analyze the relation between the two interest rate swaps further, the changes in the yen interest rate swap spreads are regressed on 1 their own lagged values, 2 the lagged changes in the dollar interest rate swap spreads, and 3 the lagged changes of the interest di erentials between U.S. and Japan. The results are reported in Panel A of Table 10 . Panel B o f T able 10 presents the regression results for the changes in the dollar interest rate swap Credit Risk and the Yen Interest Rate Swap Market : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 21 spreads in terms of the lagged variables.
In the case of yen interest rate swaps, the lagged changes in the spreads for dollar interest rate swaps Granger-cause" the increase in spreads of yen interest rate swaps for the twoand three-year maturities. However, the causality does not run the other way. For the case of dollar interest rate swaps, the lagged changes of spreads in the yen interest rate swaps do not have the same impact on the spreads in dollar interest rate swaps for all maturities. Thus, for the short-end of the swap curve there are spill-over e ects from the changes of spreads in dollar interest rate swaps to the yen interest rate swap market.
More importantly, the lagged changes of interest di erentials Granger-cause the increase in the spreads of yen interest rate swaps for most maturities except for the three year swap. However, the lagged changes in the interest rate di erentials Granger-cause the increase in spreads of dollar interest rate swaps only for two-year swaps. These results are consistent with the hypothesis that yen interest rate swaps are used as a part of spread position created due to market frictions in the JGB market, e.g., the di culty in shorting JGBs. Hence, the demand for swaps induced by such frictions may have an impact on the swap rates. The broad conclusion may bethat although credit risk is priced in the dollar and yen markets, the credit risk factor is currency country speci c rather than global in nature.
Conclusion
The xed rate for interest rate swaps, or the swap rate, is closely related to the yield on a par default-free bond of the same maturity. In addition, other factors such as credit risk and liquidity e ects play a role in explaining the spread between these two rates. The spread between the rates, or the swap spread, is of interest to researchers and practitioners alike. From both perspectives, the spread may be used as the market's measurement of the average counterparty credit risk as well as frictional e ects in the xed income markets, to address a wide range of questions such as the business cycle e ects of credit risk and the e ciency of hedges based on derivative instruments.
Our analysis based on data from the nineties in the yen JGBs and interest rate swap markets indicates that it is possible to closely t the term structure of default-free rates and swap rates using polynomial methods. Our empirical results show 1 that the swap spread in the yen market displays an inverted U-shape, in contrast to the dollar market where it rises monotonically, 2 that the shocks in the yen swap spread are negatively correlated with the shocks in the default-free spot rates, especially for longer maturities and 3 that the commonly-used assumption of lognormal default-free interest rates and swap spreads is strongly rejected by the data. These empirical ndings should be taken into account in modeling interest rate derivatives such as caps, oors and swaptions, and may help in calibrating the smile" e ect of the implied volatility in these markets.
The results also indicate that the yen swap spread is only weakly linked to the dollar swap spread, although there are indications of causality, especially at the short end, from the dollar market to the yen market. The swap spread may bealso in uenced by arbitrage activity. During the period under study, w e nd that the long-term yield di erential between Japanese and U.S. Treasury markets has a signi cant impact on the demand for pay-xed yen interest rate swaps.
The credit risk factor in uencing the swap spread can be broken down into two elements. The rst factor is the impact of the default-option that should bepriced in the swap rate. The other is the credit risk at the short and long ends of the maturity structure. The rst factor is seen to bestrongly in uenced by the level, slope and maturity of the default-free term structure. Even though data were available only for a relatively crude proxy of the credit risk for the long term bonds, we are able to discern its impact on the swap spread. Surprisingly, however, the short term measure of credit risk has a weak e ect on the credit spreads. In future work, we hope to study this issue in greater detail. Table 3 provides the mean, standard deviation, minimum and maximum of the absolute values of tting errors for swaps, de ned as the absolute value of the actual price minus the estimated price. Fitted values are obtained from estimating the extended Nelson and Siegel method by minimizing the mean squared errors between observed values and actual rates. The estimation is based on one-, two-, three-, six-month and twelve month TIBOR rates and the mid-points of two-,three-, four-, ve, seven-, and ten year swap rates. Table 4 . Summary Statistics of Implied Spot Rates from JGBs and Swaps Panel A provides the mean, standard deviation, skewness, kurtosis and autocorrelation coe cient for the weekly spot rates estimated from the 10-year o -the-run JGBs for the period April 27, 1990 to May 17, 1996. The estimation is based on the B-spline extension of the McCulloch method with four equal knots. Panel B provides the same summary statistics for the rst di erences of the spot rates. Panel C provides the same statistics for the weekly spot rates estimated from the swaps and TIBOR yen rates for the period April 27, 1990 to May 17, 1996. The estimation is based on the extended Nelson-Siegel method. For each estimation, we use six yen TIBOR rates for maturities of one, two, three, six, nine and twelve months and six yen swap rates for maturities of two, three, four, ve, seven and ten years. Panel D provides the same summary statistics for the rst di erences of the spot rates. Table 6 . Summary Statistics of the Swap Spreads
Panel A provides the mean, standard deviation and autocorrelation coe cients for the yen swap yield spreads: the di erence between swap rates and the par bond yields of JGBs with the corresponding maturity. Panel B provides the same statistics for the yen swap spreads on a spot basis; the di erence between the implied spot rates from swaps and the implied spot rates from the JGBs. Panel C reports the mean, standard deviation and autocorrelation coe cient for the spreads of the U.S. dollar interest rate swaps. Par bond yields are based on the constant maturity treasury yields for the same period. Par bond yields are based on the spot rates estimated from o -the-run JGBs for the period April 27, 1990 to May 17, 1996 using the B-spline extension of the McCulloch method. The implied spot rates of swaps are based on the extended Nelson-Siegel method using six yen TIBOR rates for maturities of one, two, three, six, nine and twelve months and six yen swap rates for maturities of two, three, four, ve, seven and ten years. JPspread t of maturity m,year measured in the yield basis on the changes in the Gensaki three month rates Gensaki t , the changes of the slope of the JGB yield curve measured by the m,year JGB spot rate minus one-year JGB spot rate Slope t , the changes of the curvature of the JGB yield curve de ned by 10-year JGB spot rate + three-month Gensaki rate 2 minus one-year JGB spot rate Curve t , the changes in TED spreads measured by the three-month TIBOR yen rate minus the three-month Gensaki rate Ted t and the changes in the corporate bond yields issued by the Tokyo Electric Co. Cyield t . Panel B presents the same regression results for the changes of yen interest rate swap spreads measured in the spot basis. Implied spot rates for swaps are estimated by using the extended Nelson-Siegel's method. Swaps, Gensaki and TIBOR rates are obtained from the NEEDS database. The corporate bond yields are also obtained from the NEEDS database. The JGB yield curve data is based on the B-spline method using the o -the-run JGBs. The total number of observations is 227. The estimation is performed by the Cochran-Orcutt procedure to allow the AR1 error. Numbers in brackets represent the t,values of the estimates. Table 9 . The Relationship between Yen Swap and Dollar Swap Spreads Table 9 presents the correlation coe cients among the changes of yen interest rate swap spreads, JPspread, the changes of the dollar interest rate swap spreads, USspread, and the changes of the interest di erentials between U.S. and Japan, Diff for di erent maturities. The interest rate di erentials are based on the constant maturity yields of government bonds of the same maturities with swaps. Swap spreads and the constant maturity yields are obtained from the Data Resources Inc. 
